INTRODUCTION
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In summer, 2 parallel pelagic food webs coexist in the Mediterranean Sea. Sardine is the main prey of most seabirds, whereas anchovy and horse mackerel support most of the predatory fishes.
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density-independent mortality induced by predators (Power 1992 , Paine 2010 . Finally, wasp-waist ecosystems are characterized by the capacity of small, short-lived fishes occupying intermediate trophic levels to simultaneously control the abundance of zooplankton through predation as well as that of top predators through resource availability (Brodeur & Pearcy 1992 . Deciphering the control mode of each ecosystem is essential to predict the impact of fisheries, as these have not only re duced the abundance of top predators (Christensen et al. 2003) , but also eroded the abundance of species at intermediate trophic levels (Palomera et al. 2007 ). This is particularly important in wasp-waist ecosystems, where the whole food web is highly sensitive to the overfishing of small pelagic fishes , Bakun 2006 ). Although wasp-waist ecosystems are usually associated to the world's eastern boundary currents that undergo seasonal upwelling , they also exist in other regions with large populations of small pelagic fishes (Bakun 2006 ). In the Mediterranean Sea, European sardines Sardina pilchardus and European anchovies Engraulis encrasicolus occupy slightly different ecological niches but both abound in the most productive regions of the basin, which are fertilized either by upwelling or freshwater runoff (Palomera et al. 2007 , Costalago et al. 2012 . Ecosystem modeling has suggested a possible wasp-waist structure for those ecosystems, with a key role for sardines in the south Catalan Sea (Coll et al. 2006 , Palomera et al. 2007 , Coll et al. 2008 .
Recent research using stable isotope analysis has revealed that some top predators inhabiting waspwaist ecosystems consume more crustaceans and gelatinous zooplankton than previously thought (Cardona et al. 2012 , Madigan et al. 2012 ). This suggests a more complex food web structure, since predators would feed on multiple trophic levels in parallel food webs (Olsen et al. 2001 , Darnaude et al. 2004 , Frisch et al. 2014 , with important implications on ecosystem stability and resilience (Gross et al. 2009 ). However, the small variability of δ 13 C values at the base of pelagic food webs (Cardona et al. 2012 , Madigan et al. 2012 , Stowasser et al. 2012 ) impairs the discriminating power of the isotopic mixing models used to reconstruct the diet of predators, because of high uncertainty about the feasible con tribution of potential prey to the diet of predators (Cardona et al. 2012 , Madigan et al. 2012 .
Fatty acids offer an alternative set of intrinsic markers that can help us improve the resolution of food web structure. Phytoplankton, microzooplankton and bac teria all produce taxon-specific fatty acids that are retained by their predators and can be used to identify the sources of fatty acids (Dalsgaard et al. 2003 , Ramos & González-Solís 2012 . Fatty acids have even used for quantitative diet reconstruction, although the method is limited by the necessity of experimentally assessing the calibration coefficients (Iverson et al. 2004) . Because fatty acids are more specific to dietary source compared to δ 13 C, they can alleviate some of the ambiguities that result from using stable isotopes alone, particularly in cases where the differences between δ 13 C of different carbon sources are small (Nyssen et al. 2005 , Alfaro et al. 2006 , Perga et al. 2006 , El-Sabaawi et al. 2009 ). Recently, Pethybridge et al. (2014) reported that differences in the fatty acid profiles of sardines and anchovies from the Gulf of Lions related to a differential exploitation of dinoflagellates and diatoms, thus suggesting that fatty acids may help to elucidate the relative importance of sardines and anchovies as forage for predators.
The main aim of this study was to combine the analysis of fatty acids and stable isotopes of nitrogen and carbon to test the hypothesis that the pelagic ecosystem in the south Catalan Sea (Mediterranean Sea) has a wasp-waist structure, where sardines would be the major prey of most predators (Coll et al. 2006 , Palomera et al. 2007 , Coll et al. 2008 . If so, the fatty acid profiles of predators would be closer to those of sardines than to those of anchovies and other low trophic level species.
MATERIALS AND METHODS
Sampling
Sampling of most species was conducted in 2006, although that of seabirds extended until 2010 due to the opportunistic nature of sampling. Only samples collected from May to July were considered for analysis, to reduce as much as possible the effects of seasonal variations in the fatty acid profiles of small forage fishes (Bandarra et al. 2001 , Zlatanos & Laskaridis 2007 , Celik 2008 , Pethybridge et al. 2014 ) and crustaceans (Mayzaud et al. 1999) . The fatty acid profiles and the stable isotope ratios of fish muscle integrate those of the diet consumed throughout the last 3 mo (Robin et al. 2003 , Buchheister & Latour 2010 . Accordingly, stable isotope ratios and fatty acid profiles samples are expected to integrate those in the local forage species as long as predators remain within the area for at least 3 mo.
Small pelagic fishes, squids and neritic predatory fishes (see Table 1 ) were sampled from the catches landed at the harbors of Vilanova i la Geltrú and Sant Carles de la Ràpita by commercial vessels operating in the south Catalan Sea (Fig. 1) . Krill Meganyctiphanes norvegica were collected from the stomach contents of bullet tuna. Blue sharks and some large predatory fishes (see Table 1 ) were captured by commercial longliners operating in a nearby off-shore area (Fig. 1) and the tissue samples of these species were collected by observers on board. Pink jellyfish Pelagia noctiluca were collected with a dip net during the fishing operations. Oceanic loggerhead turtles Caretta caretta and seabirds were caught incidentally by fishermen operating in those areas and samples were collected by onboard observers. Samples from neritic loggerhead turtles and striped dolphin Stenella caeru leoalba were collected from dead stranded indi viduals (Fig. 1) .
White dorsolateral muscle was sampled from all fishes, as well as mantle from the cephalopods and pectoral muscle from turtles, dolphins and seabirds. Jellyfish and krill were fully homogenized. Samples were stored at −20°C prior to analysis. Samples for fatty acid analysis are usually stored at −80°C to avoid degradation of unsaturated fatty acids (Guitart et al. 1999) . However, this is impractical when considering large fishes, sea turtles, dolphins and seabirds, as they are often sampled opportunistically. Nevertheless, it has been shown that most of the ecologically relevant information is retained in the fatty acid profiles of fishes even when stored at temperatures higher than −80°C (Chaijan et al. 2006) .
Stable isotope analysis
Once thawed, tissues were dried for 24 h at 60°C and ground to a fine powder; lipids were then extracted with a chloroform/methanol (2:1) solution. Crustacean samples were split into 2 subsamples. One subsample was treated with 0.5 N HCl to remove the inorganic carbonates of the skeleton and avoid any bias in the δ 13 C. However, acidification may modify the relative concentration of N isotopes, so the other subsample was used to determine the δ 15 N value. All of the samples were weighed into tin cups, combusted at 1000°C, and analyzed in a Flash 1112 IRMS Delta C Series EA Thermo Finnigan continuous flow isotope ratio mass spectrometer. Stable isotope abundances were expressed in δ notation according to the following expression:
where X is Small pelagic fishes, squids and neritic predators were sampled from the catches landed at the harbors of Vilanova i la Geltrú and Sant Carles de la Ràpita. Dead stranded neritic loggerhead turtles Caretta caretta and striped dolphin Stenella caeruleoalba were collected along the stretch of coastline in bold. The rectangle denotes the area where longliners captured large predatory fishes and where pink jellyish Pelagia noctiluca were collected during fishing operations. Seabirds were captured incidentally over the entire region
Fatty acid analysis
The fatty acid composition was determined after methylation following the method used by Mateo et al. (2003) , but using mass spectrometry for the identification and quantification of the wide range of fatty acids present in these samples. Briefly, each sample (0.3 g) was homogenized in 9 parts of Na 2 SO 4 (2.7 g) before transferring it into 15 ml Pyrex tubes with teflon caps, at which time 10 µl of internal standard was added (13:0, tridecanoic acid, 10 µg ml −1
). Then, we added 4 ml of H 2 SO 4 1N in methanol to each tube, after which they were topped with N 2 and closed, heated in an oven (80°C) for 6 h, and shaken every hour. Subsequently, the methylation reaction continued for 12 h at 60°C. Once cooled, fatty acid methylesters (FAMEs) were extracted with 1.7 ml of hexane after adding 4 ml of ultrapure water (Milli-Q) to each tube. For this, the tubes were horizontally shaken for 5 min and then centrifuged (626 × g) for another 5 min. The upper phase of hexane containing the FAMEs was transferred into 2 ml chromatographic vials, topped with N 2 and analyzed by gas chromatography coupled to mass spectrometry (GC-MS). The analysis was carried out using an Agilent Technologies 6890N GC Network System with a 7683 series injector and coupled to an electronic impact-mass spectrometry detector (EI-MS, 5973N MSD). The capillary column was a BPX70 column (SGE, 30 m ×, 0.25 mm i.d., 0.25 µm film thickness). The injector in split mode (20:1) was set at a temperature of 270°C and the oven was maintained for 5 min at 100°C after injection and then increased to 240°C at a ramp rate of 2.5°C min −1 . The carrier gas was helium at a flow rate of 1.2 ml min −1
. The source inlet of the mass spectrometer was held at 230°C and 70 V. The identification and quantification were achieved by comparison to retention times of FAME reference standards (FAMQ-005, AccuStandard) and the mass spectra. Blanks were processed with each batch of samples. This method has been used before for the analysis of fatty acid composition in several marine species (Guitart et al. 1996 , Mateo et al. 2004 ) and the previously obtained chromatographic information about fatty acids profiles was useful for the identification of the fatty acids in this study. Only fatty acids that had an overall mean of > 0.4% of total fatty acids were considered for latter analysis (Iverson et al. 2002) . Data were standardized prior to analysis to have zero mean and unit variance and principal component analysis (PCA) was used to explore the sources of variability with the fatty acid profiles of the assemblage. Most of the variability was associated with saturated or mono saturated fatty acids, unlikely to be conserved from predator to predator (Ramos & González-Solís 2012) , or rare saturated fatty acids of unknown ecological significance (see 'Results'). Accordingly, we fo cused on the 22:6n-3 to 20:5n-3 ratio (or DHA/ EPA index) for further analysis, as they were the 2 most abundant and variable polyunsaturated fatty acids in the samples and were expected to be conserved from prey to predator (Ramos & González-Solís 2012) .
Statistical analysis
Potential consumers of sardines were identified, assuming that the value of the DHA/EPA does not change from prey to predator (Ramos & González-Solís 2012) and assuming the following trophic enrichment factors: 1.4 ‰ for δ 15 N for seabird muscle (Hobson & Clark 1992 ) and 2.6 ‰ δ 15 N for bony fish muscle (Pinnegar & Polunin 1999) . We are not aware of any published trophic enrichment factors experimentally derived for dolphin and sea turtle muscle.
All calculations were performed with IBM SPSS Statistics 20.
RESULTS
Stable isotopes
Only krill differed in average δ Most predatory fishes overlapped within a narrow range of δ 13 C values, but scatter was larger for airbreathing predators, with seabirds usually more enriched in 13 C than fishes and sea turtles, and dolphins overlapping with fishes (Fig. 3) . Considering the average δ 13 C of krill (−20.8 ± 0.7 ‰) , that of the remaining potential prey (−17.9 ± 0.6 ‰) and the trophic discrimination factors reported for seabirds and fishes (see 'Materials and methods'), krill was the most likely low trophic level prey consumed by Balearic and Medi terranean shearwaters, bullet tuna and mackerel.
Scatter of predators along the δ 15 N axis was larger than along the δ 13 C axis, although most predatory fishes overlapped within a narrow range (Fig. 3) . The average δ 15 N value of most predators was consistent with a sardine/squid-based diet (Fig. 3) , according to the trophic discrimination factors reported for seabirds and fishes (see 'Materials and Methods'). Only blue shark, bluefish and leerfish had a trophic level higher than expected and bullet tuna and dolphinfish a lower one. However, the fatty acid profiles of most predators indicated that they relied on other forage species and not sardines (see below).
Fatty acids
The fatty acid profiles of all the potential prey species were dominated by 16:0, 18:0, 20:5n-3 and 22:6n-3 (Table 1; Table S1 in the Supplement at www. int-res. com/ articles/ suppl/ m531 p001_ supp. xls), but major differences existed between species. Pink jellyfish differed from all other species because of their very high levels of 16:0 and very low levels of 22:6n-3, whereas krill, longfin squid and sardines were more enriched in 20:5n-3 than anchovies and horse mackerel. Accordingly, the highest average DHA/ EPA index was that of horse mackerel, followed by that of anchovies and finally those of the other 4 potential prey species (ANOVA F 5, 29 = 99.686, p < 0.001, Tukey as post-hoc test; Fig. 2 ). The fatty acid profiles of predatory fishes, seabirds, sea turtles and striped dolphins were also dominated by 16:0, 18:0, 20:5n-3 and 22:6n-3, but levels of 18:0 were usually much higher than those in potential prey species (Table 1) . Furthermore, loggerhead turtle, striped dolphin and seabirds differed from invertebrates and fishes in their low levels of 22:6n-3 and high levels of 18:2n-6 and 20:4n-6 (Table S1) .
PCA extracted as many as 8 components with an eigenvalue >1 to explain 76.6% of the overall variability in the fatty acid profiles of the 32 groups considered (31 species and 2 groups of loggerhead turtles). According to the loadings of the 3 first components, most of that variability was associated with 14:0, 15:0, 16:0, 16:1-n13, 18:00, 18:3n-3, 20:2n-7, 20:4n-6, 20:5n-3 and 22:6n-3 (Table 2 ). The first component (PC1) explained 28.4% of the overall variability in the fatty acid profiles and opposed the abundance of 16:0 and 22:6n-3 to that of all the other fatty acids. The high loading for 20:2n-7 is remarkable (Table 2) , as this fatty acid was scarce in most samples except in sardines and mackerel (Table S1 ). The second component (PC2) explained 13.0% of the overall variability in the fatty acid profiles and was strongly influenced by the abundance of 18:0 and 20:4n-6 (positive values) as well as 14:0 and 22:6n-3 (negative values).The third component (PC3) explained 10.3% of the overall variability in the fatty acid profiles and was strongly influenced by the abundance of 16:0 and 16:1-n13 (positive values) as well as 18:3n-3 and 20:5n-3 (negative values).
When plotted into the PC1-PC2 space, potential prey species were widely scattered over the PC1 axis and predators were scattered along both the PC1 and PC2 axis (Fig. 4) . This suggests that fatty acids offered better discrimination between food sources than δ 13 C did. However, most of the variability was associated with saturated fatty acids (14:0, 16:0 and 18:0) or monosaturated fatty acids (16:1-n13), unlikely to be conserved from predator to predator. Furthermore, the dietary significance of 20:2n-7 and 20:4n-6 was unclear. Accordingly, we focused on the relative abundance of the other major polyunsaturated fatty acids (22:6n-3 and 20:5n-3) and used the DHA/EPA index for further analysis, as its dietary significance is well known. Jellyfish, krill, sardines and squid were characterized by low values of the DHA/EPA index, anchovies had an intermediate value and horse mackerel was the species with the highest value (ANOVA F 5, 29 = 99.686, p < 0.001, Tukey as post-hoc test; Fig. 2 ).
Potential sardine consumers
As sardines and longfin squids did not differ in their average DHA/EPA index and δ 15 N values (Fig. 2) , we pooled them to set up the expected range of values of potential sardine consumers. The values of their DHA/ EPA indices ranged from 1.5 to 4.2 and those of δ 15 N from 7.75 to 10.23 (Table S1 in the Supplement). Accordingly, only predators with values of the DHA/ EPA index lower than 4.15 and δ 15 N values ranging from 9.85 to 12.83 (fishes) or from 8.65 to 11.65 (seabirds) were likely to have diets based exclusively on sardines/ squid. Only mackerel, blue butterfish and all the seabirds fit both requisites (Fig. 5) . Neritic loggerhead turtles and striped dolphins may also consume large amounts of sardines and squids, according to the DHA/ EPA index, but they are at a trophic level higher than expected for a diet based solely on sardines and squid (Fig. 5) . 
DISCUSSION
The results reported here do not support the existence of a sardine-based wasp-waist ecosystem in the south Catalan Sea. Instead, fatty acid profiles revealed that only a handful of predators may rely primarily on sardines and/or longfin squids (Fig. 6) . Discriminating between these 2 prey species is not possible, because they did not differ in the average values of the biochemical markers used here. Mackerel, blue butterfish, all the seabirds, sea turtles and striped dolphins where characterized by high levels of 20:5n-3 and low levels of 22:6n-3, consistent with a sardine/squid-based diet. Nevertheless, the trophic position of striped dolphins and neritic loggerhead turtles was too high to rely only on sardines and/or longfin squids as their major diet.
A second group of predators in cluded blue shark and most predatory fishes and was characterized by high levels of 22:6n-3 and low levels of 20:5n-3. This suggests an anchovy/ horse mackerel-based diet, although the consumption of some low trophic level invertebrates enriched in 22:6n-3, such as jellyfish and krill, cannot be ruled out on the basis of the δ 15 N values of most predators. On the other hand, the trophic positon of bluefish, leerfish and blue shark was too high to be consistent with an exclusive anchovy/horse mackerel diet. Furthermore, the values of the DHA/EPA index of amberjack and blue shark were much higher than those of any potential Striped dolphin 5 180−220 19 ± 4 21 ± 6 9 ± 3 10 ± 3 Table 1 . Body size and relative abundance (mean ± SD) of the 4 major fatty acids in the species considered. Length comprises total length for fishes and dolphins, mantle length for squids and curved carapace length for sea turtles prey considered here. The fatty acid profiles of some fishes are know to vary regionally within the western Medi terranean (Roncarati et al. 2012 ) and hence the high DHA/EPA values re ported for amberjack and blue shark may reveal the use of foraging grounds beyond the limits of the study region. The standard deviation of the DHA/ EPA of other predatory fishes was also large, although variability remained within the range of potential prey, which highlights the necessity for a large sample size to better characterize most species. Despite those shortcomings, the re sults reported here clearly show that, at least in summer, sardines and longfin squids are minor prey for most of the predators studied. This inter pretation is supported by available dietary information from elsewhere in the western Mediterranean, which reveals that sardines are seldom a major prey item of predatory fishes (Massutí et al. 1998 , Sinopoli et al. 2004 , Falautano et al. 2007 , Mostarda et al. 2007 , Consoli et al. 2008 , Romeo et al. 2009 ). This is in contrast with the high biomass of sardines in study region, where it is the most abundant small pelagic fish and dominates both fishery landings and discards (Coll et al. 2006) .
It has to be noted, however, that the biomass of anchovies in the south Catalan Sea is only slightly lower than that of sardines (Coll et al. 2006 ) and other 22:6n-3 enriched species, such as juvenile horse mackerel, occur in high numbers over the shelf (Coll et al. 2006 (Coll et al. , 2008 . Furthermore, during summer, sardines concentrate in pockets of low sea surface temperature and high chlorophyll over the upper con tinental shelf (Tugores et al. 2011 , Saraux et al. 2014 , which might limit its detection by most predators. On the contrary, anchovies are more scattered over the continental shelf, from coastal lagoons to the deepest parts of the shelf (Palomera et al. 2007 , Cardona et al. 2008 , Tugores et al. 2011 , Giannoulaki et al. 2013 , Saraux et al. 2014 . Hence, during summer, an cho vies and other 22:6n-3 enriched prey are probably more accessible than sardines (in terms of spatial homo geneity) for a large diversity of predators through the warm season, which may explain the results reported here.
The high reliance of seabirds on sardines during the warm season, indicated by their high levels of 20:5n-3 (this study) and stomach contents analysis (Oro et al. 1997 , Ramos et al. 2009 ) may be related to their capacity to find the areas where sardines concentrate or boats are discarding trash fish. Many seabird species, such as Balearic shearwaters, Cory's shearwater, Audouin's gulls and yellow-legged gulls aggregate at trawlers (Oro et al. 1997 , Arcos & Oro 2002 , Abelló et al. 2003 , Ramos et al. 2009 ), whose discard is dominated by sardines (Coll et al. 2008) . Schools of small pelagic fishes in the south Catalan Sea are usually found deeper than 25 m (Iglesias et al. 2003) , but gulls do not dive at all and Cory's shearwaters dive much shallower than shearwaters in the genus Puffinus (Shealer 2001 Balearic shearwaters use the same foraging grounds in the south Catalan Sea (Arcos et al. 2009 ). Although diet is the major determinant of fatty acid profiles (Sargent 1997 , Shirai et al. 2002 , physiology may also play a role. For instance, air-breathing marine vertebrates usually accumulate n-6 fatty acids (Guitart et al. 1996 , this study), the level of 18:0 increases with trophic level (this study), and some fishes may syn thesize some polyunsaturated fatty acids (Sargent 1997) . However, the identification of 2 distinct groups of forage species and predators was based the DHA/EPA index and un likely to be affected by the physiological factors reported above (Ramos & González-Solís 2012) . Importantly, turtles, seabirds and dolphins have DHA/ EPA index values close to those of phylogenetically distant species such as krill, jellyfish and sardine -hence demonstrating that diet, and not phy siology, was the main reason for the pattern reported here.
Seasonality is another potential confounding factor (Zlatanos & Laskaridis, 2007 , Pethybridge et al. 2014 ; hence, we considered only samples collected during the warm season. Fatty acid profiles and stable isotope ratios might also vary on an annual basis, but the standard deviation of the DHA/EPA index of seabirds was usually much lower than that of fishes, thus indicating that pooling samples from different yeas was not a major source of variability.
In summary, the evidence reported here does not support the existence of a wasp-waist ecosystem based on sardine, but a more complex scenario with 2 parallel food webs, one supported primarily by diatoms and the other by dinoflagellates and cyanobacteria. The existence of parallel food webs with limited exchange has already been reported in other marine ecosystems and is usually related to the existence of a microbial loop (Olsen et al. 2001) or limited benthic− pelagic coupling (Darnaude et al. 2004 , Frisch et al. 2014 . Here, we hypothesize that the existence of 2 parallel food webs might be related to the heterogeneous distributions of phytoplankton groups above and below the thermocline during the warm season.
Mediterranean phytoplankton is dominated by dinoflagellates and cyanobacteria during the thermal (Barlow et al. 1997 , Charles et al. 2005 , with diatoms present only below the thermocline (Marty et al. 2008 ). Dinoflagellates and cyanobacteria are depleted in 20:5n-3 and enriched in 22:6n-3 or 16:0 respectively, whereas the opposite is true for diatoms (Viso & Marty 1993 , Sargent 1997 , Li et al. 1998 , Patil et al. 2007 ). High levels of 22:6n-3 have already been reported for anchovies and horse mackerel elsewhere in the Mediterranean Sea (Bandarra et al. 2001 , Zlatanos & Laskaridis 2007 , Fernandez-Jover et al. 2007 , Celik 2008 , Ozogul et al. 2008 , Roncarati et al. 2012 , Pethybridge et al. 2014 ) and likely reflect the prevalence of phytoplankton enriched in 22:6n-3 at the base of the summer food web. Although 20:5n-3 has a modest contribution to explaining the ob served variability in the fatty acid profiles of most of the species studied here, the highest levels were observed in sardines, a feature also reported elsewhere in the Mediterranean Sea (Zlatanos & Laska ridis 2007 , Pethybridge et al. 2014 ). This suggests that diatoms are a more relevant source of fatty acids for sardines than for other species of small pelagic fishes in the region. This is confirmed by the high relevance of diatoms as prey for adult sardines during summer in the western Mediterranean revealed by dietary studies (Costalago et al. 2012) . Nevertheless, the existence of 2 parallel food webs may not persist year-round. Firstly, diatoms occur through the photic zone in winter (Marty et al. 2002 , Charles et al. 2005 , which results in an increase in the relative abundance of 20:5n-3 in anchovies and a fatty acid profile closer to that of sardines (Zlatanos & Laskaridis 2007 , Pethybridge et al. 2014 . Secondly, sardines are more widespread over the continental shelf in winter (Tugores et al. 2011 , Giannoulaki et al. 2013 , which increases availability for a broader spectrum of predators. Furthermore, there is no evidence of coupling in the population dynamics of small pelagic fishes and their predators in the re gion. In a wasp-waist scenario, the populations of top predators are expected to fluctuate accordingly to changes in biomass of their prey . Sardines, anchovies and horse mackerel experience high fluctuations in biomass in the south Catalan Seas, linked to variability in winter mixing and freshwater runoff (Lloret et al. 2004 , Coll et al. 2008 ), but there is little evidence for a coupling with predator biomass (Coll et al. 2008) . This is probably because each species of small pelagic fish fluctuates independently (Lloret et al. 2004 , Coll et al. 2008 ) and most predators probably shift prey according to availability, except those seabirds highly dependent on trawl discard (Navarro et al. 2009 ).
In conclusion, sardines are probably critical prey during the summer for seabirds, mackerel, blue butterfish and oceanic loggerhead turtles, but not for the remaining predators in the system, which rely primarily on anchovies and horse mackerel. The situation might be different in the cold season, when sardines are more widespread over the continental shelf. 
